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MEMS
IMU

MEMS-
IMU/GPS

MEMS-
IMU/GPS

Tactical Grade MEMS-IMU/GPS
• $1200 IMU / $1500 IMU-GPS
• 1.0º/hr Gyro Drift Rate
• < 500 mg Accelerometer Bias
• Temperature Range: -54 to 85ºC
• Low Power < 2 Watts
• Small Size: < 3 cu inch
• High-g Hardening (> 20,000 g)

MEMS-IMU/GPS Military Applications
For Tactical Engagements

System
Insertions

>80% Reduction in
Cost ($1.2K / IMU)

COST SHARING:COST SHARING:
66% BY Gov’t66% BY Gov’t

33% BY INDUSTRY33% BY INDUSTRY

•Purpose: To develop affordable and reliable MEMS accelerometers and gyros for IMUs / INSs for DoD Munitions, Missiles, Soldiers,
Vehicles, and Aircraft

•Objective: Develop manufacturing technology for affordable, high-g, Precision IMU and IMU/GPS
•Approach: An Army managed / Navy/AF supported effort that will achieve economy of scale and have industry competition

> 80% Reduction in
Power Rqmts

> 90% Reduction
in IMU Volume

> 66% Reduction
in IMU Weight



Affordable and Reliable Inertial Measurement Units (IMUs)

New Capabilities in Precision Strike and Navigation
             ... Enabled by Micro-Electro-Mechanical-System (MEMS)
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   MEMS-IMU/GPS
Weight:   ~ 0.5 lbs
Volume:  < 3 cu in
Power:  < 3 Watt
Bias Stability:  1 deg/hr
Shock:  20,000g

Low Cost, High-g MEMS-IMU/GPS
                …for Precision Strike

      Honeywell HG-1700
Weight: 2 lbs
Volume: 33 cu in
Power: < 8 Watts
Bias Stability: 1 deg/hr
Shock: 10 - 100 g

Meets Accuracy & Size Needs for >90% DoD Precision Weapons

FY01 FY02 FY03 FY04 FY05 FY06
Technology & Manufacturing Development

>80% Reduction in Cost
($1.5K per GPS/IMU)

>66% Reduction in
IMU Weight

>80% Reduction in
Power Rqmts

> 90% Reduction
in IMU Volume

Economy 
of 

Scale



Common
IMU for 90%

of DoD
Tactical

Weapons

AFFORDABILITY CHALLENGES

TECHNICAL CHALLENGES

2 cu. in. IMU3 cu. in. DI-GNU

Integrated Build Process and Lines

Hardened to 20,000 G's

1 deg/hr Bias Stability

1 mg Accel Bias Stability

Economy of Scale

Meet Multiple Weapon System Requirements

Common Production Facility for Commercial Products

Single IMU Procurements

How CGCS Gets to Affordability

Navy/Air Force MEMS 
Joint ManTec Program



Missiles/Munitions IMU Market

Economy of Scale achieved by capturing >90% DoD needs
in precision weapons

Economy of Scale achieved by capturing >90% DoD needs
in precision weapons
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Ballistic Missiles

Precision
Munitions

Automotive
Industry

Aircraft

Tactical Missiles
& UAVs

Current
Commercial
Market

Current MEMS
Gyro Laboratory
Demonstrated

FY05-10
Requirement 
480,000 qty



Affordability Strategy
Enablers

• Joint S&T / MANTECH Management
• Efficient and Effective

• Economy of Scale / Volume Business Strategy
• One Common MEMS IMU System for Most DoD Applications

– Reduces Unit Cost
– Stabilizes and Extends Production Line Life
– Reduced Maintenance and Repair Costs
– Inter-Service interoperability

• Competition
• Development:  Enhances innovation and market stability
• Production:  Further reduces unit cost and improves quality

Goal:  - Common MEMS IMU for Most DoD Applications



Low Cost, High-g, MEMS, IMU & Common Guidance
Coordinated Development and Manufacturing Effort

(aka:  Common Guidance – Common Sense (CGCS))
Objective:   Design, Develop and Establish Automated
Manufacturing Technologies for Low Cost, Accurate, High-g
MEMS IMUs and Common GPS/IMU/AJ Guidance for DoD.

Pacing Technologies:

ØMEMS Inertial
Sensors

Warfighter Payoffs:
• System Commonality.
• Reduce Cost & Size.
• Increase Lethality.
• Increase Stowed Kills.
• Reduce Logistics.
• Improve Survivability.
• Reduce Collateral

Damage.
• Minimize non-

combatant casualties.

Cost Benefits (FY06-23)

$1,680,000K (Cost Avoidance)

DTO WE.80



High-G, Low Cost, MEMs IMU & Common Guidance Coordinated
Development & Manufacturing Effort Schedule

(aka:  Common Guidance – Common Sense (CGCS))

Task Name

2nd Generation High Performance 
Inertial Demonstration

3rd Generation High Performance
 Inertial Demonstration

Basic – 1st Generation System
Concept and Demonstration

J J A S O N D M A M J J A S O N DJ F

FY02 FY03 FY04 FY05
M A M J J A S O N DJ F M A M J J A S O N DJ F MJ F

Quarterly IPRs 

Mfg Process Devel & Automation

Down-Select
Activity

Integration / Testing
8 Units Each Cont

Award
Phase 2

A M J J A S O

FY01 FY06
D MJ F A M J J A SN

Mfg Proc Control Devel  & Automation

Integration / Testing
12 Units Each

Award
Phase 3

Mfg Process Control Devel & Auto

Deep Integ GPS/IMU/AJ Devel

P 2 - 18  Months P3  - 24  Months

Improvement  RefinementDev. & Auto Test Equip & Procedure / Fab Design for Auto Test

SRR

Common Guidance ICD, High g Packaging, Test & Eval, Telemetry, Soft Recovery, System Analysis, Eval Methodology & Tool/Test Set Development - AMRDEC, ARDEC

Phase 1 (3 KTRs)
System Process/ Definition and
Sensor and Electronic Design
Development; JCG ICD
IMU Demo 10K G, < 75 º/hr, <
9 mg, <  8 cu. in.

Phase 2 (2 KTRs Min)
IMU Demo > 20,000g,
< 20º/hr, < 4mg,  < 4 cu in
over Environment,

Phase 3 (2 KTRs Min) IMU
Demo > 20K G, 1º/hr, < 1 mg  <
2 cu. in. over Environment,
<  $1,200/IMU

Option 1 (2 KTRs Min) DI-GPS/
ISA-IMU / AJ, 3 cu. in., Intg
Demo(s), > 20K G, < 1 º/hr over
High-G Enviro < $1500

 Develop CG ICD/Specs

Prod Process Improvem't
Auto. Test and Calibration

Gov't & OGA

Contracts
Awarded

Option 1 53  Months

Interim GPS/ISA/AJ     10 Units 
CG Evaluation Testing     Each

Lessons Learned
Second Gen. IMU Design

First Gen IMU Devel  & Design

IMU P1 IMU P2 IMU P3 

FY07

Third Gen. IMU Design

Integration
/ Testing

36 Units Each

36 Units Each 
Integrated

GPS/ISA/AJ 
High G Common 

Guidance
 Testing

10 Units
Each Cont 

Possible
Down-Select

Activity

P 1 - 18 Months

CG ICD & Specs Definition

TRL
3

TRL
5

TRL
6

TRL
7



TECHNICAL PROGRESS TOWARDS COMPLETION

Three Teams Awarded Other Transaction Agreements (OTA)
Shotgun Start – All Started on 28 Sep 2001
  -  Honeywell/Draper Labs/Rockwell Collins
  -  L3-IEC
  -  Northrop Grumman (Litton)/Raytheon

All Completed First Quarterly Progress Review

Self-Assessment:  Based upon technical approach, funding, and
technical progress, this DTO is green.

? - Three awards made, but a downselect to two contractors occurs at conclusion of Phase 1.

DTO WE.80 High-g, MEMS Inertial Measurement Unit
(aka: Common Guidance – Common Sense (CGCS) Program)



Typical GN&C Functional
Block Diagram
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Computer
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GNU
Building
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Common Guidance &
Navigation Unit
 (GNU) Module

Single Processor
Architecture

Typical
As used in:
LCPK, XM982,
PGMM, GMLRS,
LCCM, MRAAS,
QuickLook,
TERM, MRM,
AGS, ERGM,
TCM

Building
Block of
the Future

Currently, Each Subassembly Represents
One or More Circuit Card Assemblies,

Each With One or More Processors

GNUDirect
Contact

Initialization

Initialization
Interface



“Common” Deeply
Integrated Guidance &

Navigation Unit
(DI-GNU)

“Common” G&N Interface
Control Document (ICD) &

System Specification

Hardware Deep Integration
Within Single Processor

Architecture Reduces
Latency Errors

Lower Piece Part Count
Higher Reliability

Higher Production Volume
Multiple Vendors

Economy of Scale
Promotes Competition

Low Cost

MEMS ISA

System Power
Conditioning

Unit CAS

GPS
Antennas

w/ Preamp/
Weighting

System
Batteries

Initialization &
Data Hold Battery

FS&A and System Fuze

Visual Indicator

Initialization
Interface(s)

M

M

Factory Inspection Port

Seeker/Sensor
I/O

Internal Power
Conditioning

GPS Anti-Jam RF
Front End MCM

Hardware – Signal
Processing performed

on Common
µ Processor

Common µ Processor
In GPS Receiver Engine

Running Strapdown/
Navigation Software,

Mission Software
Anti-Jam STAP, SFAP
& Deep Intg Software

+ 5 V

Multi I/O MCM

GPS Engine
˜ $470

Power
Conditioning

¡ $32

MEMS ISA
˜ $670

GPS AJ RF
Digital

Front End
˜ $280

Multi I/O
˜ $43

DI-GNU Cost
Estimates

Based on ¡ 200K
Units per Year Over

10 Year Period
˜ $1495

Canard
Actuator

Controller

Deeply Integrated – Guidance & Navigation Unit (DI-GNU)
DTO WE.80, High-G Micro Electro Mechanical Systems Inertial Measurement Unit



Summary
• Shotgun Start – All Started on 28 Sep 01

• Down Selected to Honeywell & L3 – 8 May 02

• Affordable, High-G, Accurate MEMS IMUs are
required for next generation munitions, missiles
and other G&N applications.

• The program described has a significant return for
the investment across DoD.

• The program will develop 2 contractors capable of
producing Low Cost MEMs IMU systems at <
$1200/unit in production and DI-GNU systems at <
$1500/unit in production.

Program Structure (OTA + Milestone
Payment) appears to be working well


